Table 4.12

Reduced Form Equation

MDOC S5 -- 10 11 13 14 21 24 54 25 27 41
VAR E T
X10-NONUW 30.447 1.1020
X11-MAGE 1.3513 0.50439
X13-IN69 061649002 0.86708
X14-EDUC 1.9399 1.3418
X21-DENS 161.53 0.26107
X24-COLD ~0.+12806 ~0.53850
X54-Clé8 0.45771 1.4919
X25-XFRO 0.22302D0-01 1.4136
X27-XCAR 0.,228040-02 0.72804
X41-65FT 0.,240020~01 1.9402
CONSTANT ~1691.3 ~-2.7124

R-S5QUARE= 0.3877
S8R= 0.,106201406 OF= 49
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Table 4,13

Total Mortality

MO70 I —— 41 10 11 21 24 54 25 27 41
VaR B T
X61-00CH ~0.530310-01 ~4,7501
X10-NONW 3.6092 S5.0448
X11-MAGE 0.66172 12,340
X21-DENS 31.910° 2+.4494
X24-COLID 0.14370D~-01 3.1093
X54-C168 0.218%960-01 3.075G8
X25-XFRO 0.19325D-02 3.7525
X27-XCAR =~0.829070-04 -1.5347
X41-6SFT 0.36251D-03 1.5938
CONSTANT ~78.673 ~3.7149
R-SQUARE= 0.8195
88R= 49 .74 nFE= 50
M0O70 1 - 61 10 11 21 24 54 25 27 41 31 57 &0
VAR B T
X61-T0CH =0.527970-01 ~-4,3493
X10-NONUW F5.6276 4.3620
X11-MAGE 0.65893 11.540
X21-DENS 31.772 2.34469
X24~-COLD 0.14436D-01 2.92089
X54-CIs68 0.219680-01 2.8120
X25-XFRO 0.191960-02 3.5822
X27-XCAR ~0.7943101~04 ~1+3612
X41~68FT 0.397830-03 1.43508
X31-NOs69 1.6457 0.35799
X57-8070 =-0.313020~-02 -0, 34850
X60~-FA70 0.107440-02 0.,20059
CONSTANT =~79.296 ~3+5115

R—-SQUARE= 0.8205
885R= 49 .48 DF= 47
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VA70 2

R-SQUARE=

S8R=

VAZ70 2

R-SQAUARE=

S58R=

VAR

xX461-DOCH
X10-NONUW
X11-MAGE
X21-DENS
X24-COLDN
X54-C148
X25-XFRO
X27-XCaAR
X41-6SFT
CONSTANT

VAR

X61-DOCH
X10-NONW
X11-MAGE
X21-DENS
X24-COLD
X54-Clé8
X25-XFRO
X27-XCAR
X41-48FT
X31-NO&6?

X57-8070

X60-FA70
CONSTANT

- &1

Table 4.14

Vascular Disease

0.5637

3.998

0.6022

3.663

R

~0.702230-02
0.37954
0.10936
1.7016
0.176930-02
0.30001D0-02
0.185420~03
~0.1348600D-04
~-0.84316D~-04
~-59.3672

DF=

E

~0.880880-02
0.63816
0.11671
2.7540
0.209610-02
0+42167D-02
0.23976D-03
~0.171170-04
~0.18874D~-04
~-0.,86198
~0.38911D-02
-0.63071D-03
~8.3456

IF =

58

10 11 21 24 54 25 27 41

20

-— 61 10 11 21 24 54 25

47

T

-2.,2186
1.2040
72050

0.46071
1.3504
1.4865
1.2699

-0.87885
~1.3075
~0.92769

27 41 31 57 &0

T

e 6671
1.9014
7.5127

0.74768
1.5524
1.9838
1.6306

-1.0781

-0,25297
-0.68915
~1.5922
-0.43278
~-1.3583



Table 4.15

Heart Disease

HA70 3 ~- 61 10 11 21 24 54 25 27 41

VAR R T
X61-DOCH ~0.22340D0-01 ~3.4204
X10~-NONW 1.7509 2.6917
X11-MAGE 0.29627 ?.4592
X21-DENS ?.3338 1.2247
X24-COLD 0.43566D~02 1.6113
X54~-C1e8 0.131290-01 3.1525
X25-XFRO 0.66878D~03 2.2197
X27-XCAR =0.17969D-04 -0.56857
X41-68FT 0.423800~03 3.1849
CONSTANT ~-35.183 ~-2.8412

R-SQUARE= 0,7517
SSR= 17.03 DF= 50

_HA70 3 ~-— 61 10 11 21 24 54 25 27 41 31 57 60

VAR : R T
X&1~-D0OCH -0.198000-01 -2,9132
X10-NONW 1.3603 1.9694
X11-~MAGE 0.28122 8.,7965
X21-DENS 7.4177 0.97861
X24-COLD 0,433000-02 1.5583
X54-C168 0.10868D-01 2.4847
X25-XPRO 0.571650~03 1.8893
X27-XCAR -0.22071D0-05 -0.675510~01
X41-48FT 0.396450-03 2,5822
X31-N0O&9 4.8498 1.,8842
X57-8070 0.82843D-03 0.16473
X60-PA70 0.140520-02 0.46855
CONSTANT ~-32.823 -2,5960

R~SQUARE= 0.7737
SSR= 15.51 DF= 47
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PN70

R-SQUARE=

S8R=

FN70

R-SQUARE=

SSRk=

VAR

X61-D0OCH
X10-NONW
X11-MAGE
X21-DENS
X24-COLD
X54-C168
X25~XFRO
X27-XCAR
X41-6SFT
CONSTANT

VAR

X61-DOCH
X10-NONUW
X11-MAGE
X21-DENS
X24-COLD
X54-C1é8
X25-XPRO
X27-XCAR
X41-68FT
X31-ND&9
X57~8070
X60-FA70
CONSTANT

Table 4.10

Pneumonia and Influenza

0.,4108

0.4556

0.5409

0.3350

R

0.18381

=0.,129250-02

0.199200-01

2.9692

0.130300-

02

0.615240-03
0.7206540-04

~-0.11329D-05

0.38010D-05

-3.0478

DF =

4 —— 461 10 11 21 24 54

R

0.13820

50

25

~-0.381150-03

0.161940-01

2.6677

0.104280~02
0.61816D~-03
0.460480-04

0.55215

=-0.+100270~-05
-0.492611-03

~0.477190-03

0.14272D-02

-2.1183

DF=

60

47

27

4 -- 61 10 11 21 24 54 25 27 41

a1

T

-1.2098
1.7274
3.8880
2.3816
2.9460

0.90310
1.4336

-0,21914

0.,17462

"‘1 . 5046

31 57 &40
T

~0.37068
1,3226
3.3484
2.3264
2.4807
0.93415
1.0060
-0.20286
-0.21208
1.4180
~0.862722
3.1456
-1.1075



EM70

R~SQUARE=

S5SR=

EMZ70

R-SQUARE=

88R=

3

VAR

X&1-nOCH
X10-NONUW
X11-MAGE
X21-~-DENS
X24-COLD
X34-~C168
X25~XFRO
X27-XCAR
X41-~68FT

LONSTANT

5

VAR

X61~-D0OCH
X10-NONUW
X11-MAGE
X21-DENS
X24-COLD
X54-C168
X25-XFRO
X27-XCAR
X41-6SFT
X31-N0O6&9?
X57-8070
X60~-FA70
CONSTANT

Table 4.17

Emphysema -and Bronchitis

-~ 61 10 11 21 24

0.3559

0.1331

-~ &1 10 11 21 24 54

0.3876

0.1265

54 2
E

-0.13831D-02
0.225330-01
0.49451D-02
0.22106D0-01
0.189948D0-03
0.,534190-04
0.,652610-04

=0.931990~03

~0.17700D-04
~0.920721

DF =

2
B

~0.137610-02
0.4633301-01
0.31065D-02
0.17013
0.14392D1~03
0.24382D-03
0.66687D-04
~0.1042701-04
~-0.138468D-04
~-0.1151%
=~0.473200L-03
0.291150-03
~0.96354

IiF=

6l

5

50

5

47

27 41

T

~-2.3989
0.39184
1.7859
013670
0.79468
0.14509
2.4502
~3.4072
~1.5046
-0.82870

27 41 31 57 60

T

~2.2419
0.74278
1.7687
0.24853
0.57352
0.61719
244404
~-3.+5335
-1.0001
~0.493533
-1.0419
1.0750
-0.84382



Table 4.18

Cirrhosis
CI170 6 —~— 61 10 11 21 24 54 25 27 41
VAR b3

X61-D10OCH 0.519230-04
X10-NONW Q.22721
X11-MAGE 0+.173230~-01
X21-NENS 241612
X24-COL.D 052436003
X54-C168 0.6178401~03
X25-XFRO 0.7398211-04
X27-XCAR =Q«774370-05
X41-68FT ~0+111970~04
CONSTANT ~2.3252

R-SQUARE= (0.6258

SOR= 0.2479 DF= &0

CI70 & - 61 10 11 21 24 34 25 27 41
VAR B

X61-N0CH 0.318180-03
X10-NONW 0.18469
X11-MAGE 0.160770-01
X21-NENS 1.981%
X24-COLD 0.493400-03
X54-C168 0.39600D-03
X25~-XFRO Q0.631220-04
X27~XCAR -0, 67206005
X41~6SFT -0.197340~-04
X31-NO&9 0.24209
XS57-5070 0.518830~-03
X&60-FA70 0.6923110-04
CONSTANT -~1.94464

R~SQUARE= 0.6399%

SSR= 0.2387 IIF= 47
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T

0.658730-01

2.8943
4,5831
2+3497
1.6070
1.2293
2.0347
”L00303
-0.69726

-1,.5559

31 57 60
T

0.37741
2.1558
4.0543
2.1080
1.4315

0.72987
1.7351

~1.6755

~-1.0362

0,75825

0.83173

0.18632

~-1.239%9



Table 4.19

Kidney Disease

NEZ0 7 -— 61 10 11 21 24 354 25
VAR B
X61-N0OCH ~0+673020~03
X10--NONW 0.2066110~01
A1l1-MAGE 0.341100-02
X21~TIENS 0.73879
X24-COLD 0.732891-04
X54-CI48 0.101320-03
X25-XFPRO 0.15723N-04
X27~-XCAR 0.473490~07
X41-68FT 0.637240-05
CONSTANT ~Q. 72766
R-SQUARE= 0.3419
585R= 0,20310-01 nF= 50
NE7O 7 -~ 61 10 11 21 24 54 25
VaR E
Xé61-00CH -0, 35265003
X1O0~NONW 0.728290~-01
X11-MAGE 0.308310-02
XZ21-DENS 0.71889
X24-COLD 0.290730-04
X54-CI68 0.802860~04
X25-XFRO 012995004
X27-XCAR ~0+207210-06
X41-45FT 0.121120-05
X31-NO69 ~0.666090-01
Xa7-8070 0., 269560-03
X60-FAZ0 0.976470-04
CONSTANT ~0.31302

R-SQUARE= 0.,5743
0.18871-01

SSR=

DF=

63

47

3

27

T

-2.9834
4.0353
3.1531
2.8825

0.78479

070439
1.5110

0.433760-01
1.3846

-1+7013

41 31 57 60

T

~2+3310
3.3134
2.7665
2.7189
0.29997
0.52619
1.2312
-0.,18181
0.22615
~0.741886
1.53646
0.93342
~1.1677



Congenital Birth Defects
C\EBZ 8 - &1 10 11 21 24 54 25
VAR kE
X&1-N0CH ~0,110090~-02
X10—-NONY -0.10484
X11~-MAGE 0.202120-02
X21-NENG 0.51667
X24-COLD 0.41358N0-03
X54-C1468 0.114150-02
X25-XFRO 0,322740-04
X27-XCAR ~0,1501460-06
X41-65FT 0.154050-04
CONSTANT ~1+33%90
R-SQUARE= 0.1847
SSR= 0.3277 F= 30
C\RX g —— &1 10 11 21 24 54 25
VAR B
X&61~-D0CH -0, 108046002
X10-NONW -3+ 624170-01
X11-MAGE 0.26362002
X21-DENS 0.48174
X24-COLID 0.292080-03
X54-C168 0.15099D-02
X25-XFRO 0.361360-04
X27~-XCAR ~-0,252840-05
X41-48FT 0.168330-04
X31-NO67 ~Q0.47663
X57-8070 ~0, 4494661103
X&0-FA70 0. 468200-03
CONSTANT ~-1.3072
R-SQUARE= (.2205
S88R= 0.5058 LF= 47

o
B~

27 41

27 41

T

-0 95740
-0.91545

1.6360
0, 38505
0.86881

1.5%569
0.60844

-0.269870-01

0.65758
~0.61416

31 857 60
T

-0,88051
-0.50047
1.6693
0.49810
0.592609
1.9116
0.66141
-0.42836
0.60717
-1.0235
~0.493518
0.8B64461
-~0.57256



Table 4.21

Early Infant Diseases

INBX ¢ —-— 461 10 11 21 24 54 25 27 41
VAR k T
X61-N0CH T 0.391590-03 0.,1333%
X10~NONW 0.89283 3.0537
X11-MAGE ~Q.447480~02 -0.31786
X21-DENS H.8110 1.6%964
X24-CoOLD 0.357580-03 0.29424
X54~-CIé68 ~0,133120~02 ~0+71117
X2&5~XFRO ~0.104270-03 ~0.76%995
X27-XCAR 0:176410-04 1.2419
X41-68FT 0.153670-03 2.5695
CONSTANT 0.68864 0.12373
R-SQUARE= 0.4741
SHR= 3.439 nFE= 350
INRZ 9 -~ 61 10 11 21 24 34 25 27 41 31 57 60
VAR B T
X61-00CH 0.218250-02 0.73588
X10-NONW Q77575 - 2.873¢9
X11-MAGE ~Q.79126D~-02 . =0 56722
X21-DENS G+4464 1.6467
X24-COLD ~0.47371101~03 ~0.390469
X54-CI48 ~0.121460~02 . ~0.63634
X25-XFRO ~0.1374701~03 ~1.0412
X27-XCAR 0.989320-05 0.69390
X41-68FT 0.67486D~04 1.0073
X31-NO&9 -2.0458 . ~1.821%5
X57-5070 0.438410~02 1.9978
X60-FA70 0.,177310~-02 1.3549
CONSTANT 4.1264 0.74792
R-SQUARE= 0.5484
SER= 2.954 LF= 47
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CA70 53 —- 61 10 11 21 24 54 25
vaR B

X61-00CH -0.71271D-02
X10~NONW 0.63382
X11-MAGE 0.13235
X21-DENS 32,9772
X24-COLD 0.178590-02
X54-C168 0.5003201-02
X25-XFRO 0.21038D-03
X27-XCAR ~0.131660-04
X41-6SFT 0.,516830-04
CONSTANT -9.,5112

R-SQUARE= 0.8556

SSR= 1.378 DF= 50

CA70 53 -- 61 10 11 21 24 54 25
VAR B

X61~DI0CH ~0.707630-02
X10-NONW 0.64712
X11-MAGE 0.13242
X21~DENS 4,0247
X24-COLD 0.172980-02
X54-CI68 0.51394D-02
X25-XFRO 0.21071D-03
X27-XCAR -0.14074D-04
X41-6SFT 0.514470-04
 X31-N069 ~0.16472
X57~6070 -0.161430-03
X60~FA70 0.234940-03
CONSTANT -9 ,4472

R-SQUARE= 0.8560

S8R= 1,374 IF =

Table 4.22

Cancer

66

T

~-3.8356
3.4249
14.854
1.8342
2.3216
4,2228
2.4545
~1.,4643
1.3652
—2.6997

41 31 57 60

T

~3.4976
3.1475
13.915
1.7837
2.0913
3.9471
2.3394
~-1.4471
1.1257
-0.21498
-0.10784
0.26317
"':..05101



However, differences between our estinmated air pollution effects as opposed
to the Lave and Seskin (1977) work are profound. Lave and Seskin (1977)
did not find a significant association between particul ates and pneunoni a.
More inportantly, Lave and Seskin (1977) found positive associations
between air quality (specifically sulfate) and a cardi ovascul ar di sease
nortality variable and between air quality and cancer nortality. Whether

we use 802 or the highly collinear sulfate neasure, we cannot accept the

hypot heses that air pollution has any association with heart and vascul ar
di sease or with cancer nortality. Further, our estimated total effects of
air pollution on human nortality are about one order of nagnitude snaller
than those shown by Lave and Seskin (1977).

We can summmarize the results of our analysis as follows. Wen we
increase each of the. following significant variables by one percent over
their nean values in our sanple, fromthe estinmated total nortality equation
the followi ng percentage change in mean total nortality rate results: (1)
for doctors per capita a 0.76 percent decline in nortality rate; (2) for
per capita cigarette consunption a 0.32 percent increase in nortality rate;
and (3) for per capita protein consunption a 6.7 percent increase in nor-
tality rate. These results suggest several observations. First, nmedica
care, smoking, and diet appear to be enornpusly inportant factors in hunmnan
heal t h. Second, if one |ooks to a 100% decrease from nmean |evels for these
variables, i.e., the inpact on average total nortality of setting these
variables to zero, one obtains a 76% increase in nortality for a zero |evel
of doctors per capita, a 3.2% decrease in nortality for no snmoking and a
670% decrease in nortality for no protein in diet. Obviously, the last of
these effects is inpossible and suggests that we nay only have |inear
approxi mati ons of highly non-linear effects. Further, sonme protein is
required to sustain life. Thus, the estimtes of nortality effects are
likely to be valid only for relatively small changes in explanatory variables.
Finally, the air pollution variables are insignificant in the total nor-
tality equation -- as one mght suspect if air pollution has only a snall
effect. on nortality rates. This is verified by the fact that the signi-
ficant estimated effects of particulates on pneunpnia and influenze, and of
80, on infant diseases are very small in terms of total nortality as com
pared to the effects of doctors, snoking, and diet.

G ven these results, it is inportant to test the sensitivity of the
nodel to changes in specification of included variables and structure. Two
alternative formul ati ons have been specified and tested. First, a version
of the nodel which: (1) uses lagged diet (1955 dietary variable) as op-
posed to 1965 diet); (2) enploys a two-stage doctors per capita variable
which includes air pollution in the reduced form equation; and (3) adds
| ead and sulfate to the air pollution variables, produces essentially iden-
tical results both for the inpact of nedical care and, air pollution on
nortality. Sulfate air pollution is statistically insignificant across al
di seases. The second alternative fornmulation is identical to the one
presented in detail above but the air pollution variables are again included
in the reduced formequation for doctors per capita. The results are con-
sistent for the effect of nedical care and for the positive associations
bet ween sul fur oxides and infant di seases and for particul ates and pneunoni a.
More interesting, however, is a significant negative association which
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appears between doctors per capita and air pollution in the reduced form
equati on. I't appears that doctors may choose not to live in polluted
cities (perhaps for aesthetic reasons). If this is the case, one can easily
explain fal se positive associations between air pollution and nortality
where medical care is excluded as an expl anatory vari abl e. If doctors

avoid polluted cities, and if doctors do reduce nortality rates, then

pol lution could well be associated with higher nortality rates; but not_
because of any direct health effect of air pollution on nortality. Rather,
failure to account for the l|ocational decisions of doctors (supply and de-
mand for nedical care) may well bias estimated epideniol ogical relationships.
In fact, the negative association between doctors per-capita and pollution
is so strong, that when pollution is included in the reduced form equation
for doctors, the estimted doctors variable used in the two-stage procedure
becones collinear with the pollution variables. This collinearity in some
cases produced negative coefficients on the pollution variables in estimted
dose-response rel ationships for sone disease categories where pollution is
used in the reduced form equation for docotrs per capita. Thus, it is
important that, in spite of this collinearity, stable positive associations
are retained between pneunonia and influenza and particul ates and between
infant diseases and sulfur oxides. The inclusion or exclusion of air quality
fromthe reduced formequation has little inpact on the conclusions of this

st udy. In part, this occurs because air pollution is collinear with diet.
In fact, saturated fats and sulfur oxi des are reasonable proxy variables for
each other. It has been shown by MCarthy (1971) that the exogenous

vari abl es which are collinear with included exogenous variabl es may be
excluded from estimated reduced fornms with little loss in consistency in a
two-stage |east squares procedure

Anot her inportant question for analysis is the possibility that hetero-
skedasticity is present. At this point, we have only examnmi ned one disease
category -- cancer nortality -- for this problem An exam nation of the
residual s plotted agai nst several inportant explanatory variables (age, for
exanpl e) showed no evi dence of heteroskedasticity.

Finally, in interpreting the results, it should be observed that the
associ ati ons we have found between nortality and air pollution are princi-
pally for diesases of the very young and very old -- particularly susceptible

groups within the population. Further, these effects are those which one
woul d perhaps associate with short-term as opposed to long-termair pol-

[ution exposures. It may well be that aggregate epidemni ol ogy nmay be in-
capabl e of revealing the | ong-term consequences of air pollution exposures.
Two problens are particularly significant here. First, |agged data or

data on air pollution histories is not available for such studies. Second,
it is nearly inpossible to control for population nmobility in such studies.
Thus, even if one accepts the hypothesis that air pollution |levels show
enough persistence over tinme to reveal long-termeffects, population nobil -
ity will still distort and confound attenpts at estimating such effects.

A partial renedy for these problens is, of course, to use data on individ-
ual s as opposed to aggregate data. The next chapter provides a prelininary
expl oration of just such a data set.

We now turn to an econonic evaluation of the value of air pollution
control in reducing nortality based on the value of safety approach described



Tabl e 4. 23

Met hodol ogy for Health Benefits Assessnent

Benefits = (Population at Risk) x (Value of Safety) x
(Reduction in Health Risk)

Val ue of Safety Based on Consuner's WIIlingness to Pay

Low estimate: $340, 000
Sour ce: Thal er & Rosen (1975)
H gh Estimate: $1,000, 000

Sour ce: Robert Smith (1974)
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above.

4.6 A Tentative Estimate of The Value of Safety from Air Pollution Contro

Gven all of the caveats discussed above concerning the validity of
the estimated effects of air pollution on nortality, it is possible to con-
struct benefit neasures using the methodol ogy outlined in Section 4.2
above. The nethodology is briefly sumarized in Table 4. 23.

First, to obtain national estimtes, we must know the popul ation at
risk. Since our sixty-city sanple is entirely urban, and since air pol-
lution is principally an urban problemwe will use a population risk for
1970 of 150 million urban dwellers. As a range for the value of safety,
we will enploy Thaler and Rosen's (1975) estimte of $340,000 (in 1978
dollars) as a | ower bound and Smth's (1974) estimte of $1,000,000 (in
1978 dollars) as an upper bound. Finally, to provide an estimate of re-
duced risk fromair pollution control, we wll assume an average 60% reduc-
tion in ambient urban concentrations both for so, and particulates. Then,
using the nean concentration of these pollutants®in our sixty-city sanple
as a basis for calculation, we can derive the average reduction in risk of
pneunoni a mortality for a 60% reduction in particulates and the average
reduction in risk of infant diseases for a 60% reduction in SO from our
estimated dose response functions for these diseases.

Mil tiplying the population at risk by the assuned val ue of safety, and
then by the average reduction in risk, gives a crude approxi mation of the
benefits for a 60% reduction in national urban anbient concentrations of
particul ates and so,, respectively. National urban totals and the val ue of
t he average i ndi vird@al risk reduction are shown in Table 4.24.

The val ue estimtes as shown in Table 4.24 agree surprisingly well with
t hose devel oped by Lave and Seskin (1977) for national air pollution danages.
However, the dollar value is simlar only because we use a range for the
val ue of safety (derived from observed market behavior of consuners) which
is about an order of magnitude |arger than the “value of |ife" figure based
on | ost earnings which is enployed by Lave and Seskin (1977). W, of course,
reject the value of life notion, instead focusing on the measurabl e concept
of value of safety. Since there is no evidence to suggest that society
puts less value on safety for children, the aged or wonmen than on enpl oyed
heads of househol ds, we feel that the best neasures available now for the
val ue of safety should be enployed for all individuals. Eventually, nore
refined nmeasures of the value that different individuals place on safety
may beconme available. However, for the tine being, these are the best
val uations of the social worth of safety we can enploy.
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Table 4.24

Urban Benefits from Reduced Mrtality: val ue
of Safety for 60% Air Pollution Control

Average | ndi vi dual
Safety Benefit

Nat i onal
U ban Benefits

Di sease Pol | ut ant (1978 Dol lars/ Year) | (1978 Billion Dollars/ Year)
Pneunoni a Particul ates 29 - 92 4.4 - 13.7
Early Infant

Di sease SO2 5- 14 .7 - 2.2
Tot al 34 - 106 51 - 15.9
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CHARTER V
THE M CH GAN SURVEY EXPERI MENT

5.1 (Obj ectives of the Experinment

The data set enployed in this chapter refers to the health status and
the time and budget allocations of each of several thousand househol d heads
over a nine-year period. Its highly disaggregated formtherefore avoids
many of the estination problens associated with the aggregate data used in
Chapter IV. This avoidance is not our only purpose, however. The richness
of detail in the data set allows us to extend the range of phenonena that
we study. Mdst inportant, we are able to investigate the norbidity effects
of air pollution, considering acute effects and chronic effects separately.
The detail of the data set allows us to identify much nore readily those
variables that are not current determinants of health status, thus providing
a neans of avoiding the simultaneity problens that plagued the aggregate
dose-response functions of the previous chapter. It is inportant to note
that the results reported here reflect a prelininary attenpt to evaluate the
useful ness of Mchigan Survey Data in estimating norbidity (sickness) effects
of air pollution and consequent econonic |osses. As a result of the
prelimnary nature of the research, many highly desirable transformations of
the variables as defined in the Mchigan Survey Data set have not yet been
made. However, in spite of the prelimnary nature of the results they
do represent the first attenpt to qualify the econonmic |osses due to norbidity
as opposed to nortality resulting from air pollution.

Wth the richness of the data available to us, we need not term nate
our efforts after having estinmated a set of dose-response expressions for
the norbidity effects of air pollution. W are able to ascertain the |abor
productivity effects and the inpact on willingness to pay to avoid chronic
and/or acute illness as well. Both of these additional efforts are under-
taken in this chapter.

5.2 The Sanple and the Variables

Qur analysis is based on yearly interviews conducted by the University
of Mchigan's Survey Research Center with a nationwi de random sanpl e of
4,802 to 5,862 families from 1968 through 1976. No famlies with living
nenbers were ever intentionally deleted fromthe sanple, and, as fanmilies
broke apart, the adult conponents were added to the sanple as distinct
famlies. The cunulative interview response rate over the nine-year period
declined from 76 percent in the 1968 and first interview year to 55 percent
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in the 1976 interview year, inplying an average yearly reinterview response
rate of nearly 95 percent. From 1970 through 1976, this yearly response
rate averaged 97 percent. O special interest to us is that, in addition
to substantial detail on household head tinme and budget allocations, the
sanpl e contains generalized measures of the head's health states as well

as information on lifestyle and biological and social endowrent variables
that mght plausibly contribute to the health states.

Information fromthe interview has been conbined with data on a limted
set of environnental variables, particularly information on air pollution
concentrations, to establish inperfect neasures of the environment in which
each famly head has lived during the nine-year period. To the best of our
know edge, the Survey Research Center data set is the only one currently
avail abl e that combines, for the same set of individuals over a substantia
nunber of years, information on places of residence, states-of-health, and
time and budget allocations. The sanple thus raises the prospect of our
being able to value, through enpirical applications of the econonic theory
of consunmer behavior, the contributions of environnental pollution exposures
to states-of-health.

The maj or characteristics of our sanple and the variables we employ in
our enmpirical efforts are presented in Tables 5.1 and 5.2. Al variables
refer to household heads. Table 5.1 gives conplete definitions of variables,
their scalings, and their assigned acronyns; Table 5.2 provides representa-
tive arithmetic nmeans and standard deviations of variables used. Because
we enploy various partitions of the sanple throughout the chapter, we do not
use the Survey Research Center sample weights. Cur sanples are therefore
not entirely representative of the national population

In Table 5.2a, so as not to nake worse the already considerable and
cunbersone length of the listing, only the two health variables, LDSA and
ACUT are listed as dependent variables. The geonetric neans of the air
pol [ ution variables have their neans and standard deviations entered for
the various sanple partitionings indicated at the bottomof the table.

The neans and standard deviations for the other variables are listed in
Table 5.2b. This latter table refers only to the sanples used for the
chronic illness expressions, while the former refers to the acute illness
expressions. \Wether reference is to the partitioned or unpartitioned
sanpl es, the means and standard deviations represent only those sanples
used to estimate dose-response functions involving geonetric nean neasures
of the air pollution variables. Al estimtes enploying different conbina-
tions of variables, whatever the conbination mght be, were established
using a randomdrawing fromthe entire Survey Research Center popul ation
sample for a particular year. Therefore, the neans and standard devi ations
listed in Table 5.2, although extrenely representative, are not the exact
val ues for each of the sanples used in the estimation effort.

The definition and neasurenent of nmost of the variables listed in
Tables 5.1 and 5.2 is standard, and we shall conmment here only on those that
pose definitional and nmeasurenent problenms for the major focus of this
report. This criterion imrediately directs attention to the air pollution
vari abl es.
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Table 5.1
Conpl ete Variable Definitions
Health State Variables

Acute illness (ACUT) -- workdays ill tinmes 16 for the first 8 weeks
and tines 12 thereafter. Only individuals who are currently
enpl oyed or unenpl oyed and | ooking for work coul d have positive
values for this variable.

Degree of disability (DSAB) -- conplete limtation on work = 1;
severe limtation on work = 2; sone [imtation on work = 3;
otherwise = 0.

Length of disability (LDSA) -- < 2 years =1, 2 - 4 years = 2,

5- 7 years = 3; > 8 years = 4; otherwise = 0. This is a
foll owup question to inquiries about whether the respondent
has any physical or nervous condition that limts the amount
or kind of work or housework he can do.

Bi ol ogi cal and Soci al Endowrent Vari abl es

Age of famly head in years (AGEH

Gewup incity (ATY) = 1; otherwise = 0. This variable, as
transformed, is binary.

Education attainment (EDUC) -- 6 - 8 grades = 2; 9 - 11 grades = 3;
12 grades = 4; 12 grades plus non-academc training = 5; college,
no degree = 6; college degree = 7; advanced or professional
degree = 8; otherwise = 1.

Father's educational attainment (FEDU) -- same scaling as for EDUC

Fam |y size in nunber of persons in housing unit (FMSZ).

Length of present enployment (LOCC) -- < 1 year = 1; 12 - 19 nonths
=2, 1-1/2 - 3-1/2 years = 3; 3-1/2 - 9-1/2 years = 4;

9-1/2 - 19-1/2 years = 5; >19-1/2 years = 6; otherwise = 0.

Marital status (MARR) -- married = 1; otherwise = 0. This variable, as
transformed, is binary.

Income |evel of parents (POOR) -- poor = 1; otherwise = 0. This
question asked whether the respondent's parents were " . . . poor

when you were growing up, pretty well off, or what?" The
variable, as transforned, is binary.

Race of famly head (RACE) -- white = 1; otherw se
as transforned, is binary.

Sex of famly head (SEXH) -- male = 1; otherwise = 0. This variable,
as transforned, is binary.

Member of a labor union (UON) -- Yes = 1; otherwise = 0. This
variable, as transforned, is binary.

0. This variable,

Life Style Variables

Practices absenteeismfromwork (ABSN) -- absent once or nore a week
fromwork = 1; otherwise = 0. This refers to a question in which
the respondent is asked if there are tines when he doesn't go
to work at all, even if he isn't sick. The variable, as
transformed, is binary.
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Table 5.1
(continued)

Frequency of church attendance (CHCH) -- once a week or nore =1
otherwise = 0. This variable, as transformed, is binary.

Annual famly expenditures on cigarettes in dollars (CIGE) -- this
variable is not indexed for differences in prices anong | ocal es.

Participates in energetic activities (EXER) -- first nention = 1;

otherwise = 0. This question asks the fam |y head what he
usual ly does in his spare time. Energetic activities include
fishing, bowing, tennis, canping, travel, hunting, dancing,
mot orcycling, etc.

Fam |y food consunption relative to food needs standard in percent
(FOOD) -- famly food consunption refers to food expenditures in
dol lars and includes amunts spent in the hone, school, work,
and restaurants, as well as the anmount saved in dollars by
eating at work or school, raising, canning or freezing food
using food stanps, and receiving free food. The food needs
standard is in dollars and is based on USDA Low Cost Plan
estimates of weekly food costs as published in the March 1967
issue of the Fam |y Econom cs Review. The standard itself is
calculated by nmultiplying the aforementioned weekly food needs
by 52 and nmaking a series of adjustnents according to the size
of the famly

Is often late to work (LTWK) -- late once or nore a week to work = 1;
otherwise = 0. This question asks the respondent if. there are
times when he is late getting to work. The variable, as
transformed, is binary.

Daily nunber of cigarettes snoked per adult famly nenber (NCIG --
<3=1;, 3-17=2; 18 - 22 =3; 23 - 35 =4; 2 - 3 packs = 5;
> 4 packs = 6; otherwise = 0.

Fundamental i st religious preference (RELG -- Mrnon, United Church
of Christ, Disciples of Christ, Quaker, etc. = 1; otherwise = 0.
This variable, as transfornmed, is binary.

Degree of risk aversion (RISK) -- a weighted index devised by the
survey teamin which the individual's degree of risk aversion
increases if he drives the newest car in good condition, does
not own a car, has all cars insured, uses seat belts, has
medi cal insurance, snokes |ess than a pack a day, has sone |iquid
savings, and has more than two month's income saved. Nne is the
greatest degree of risk aversion that can be exhibited.

Head' s annual hours working for money (WORK).

Precuniary Vari abl es

Cost-of-living in 1970 country of residence (BDALO -- an index of
conparative costs for a four-person famly living in various
areas as published by the U S. Bureau of Labor Statistics in the
Spring 1967 issue of Three Standards of Living for an U ban
Fanmily of Four Persons. The Towest Tiving standard was enpl oyed
This index is published for the thirty-nine |argest SMSA's and by
region for the nonnetropolitan areas. For the remaining SVBA's,
the regional average of the netropolitan indices was used.
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Table 5.1
(conti nued)

Has hospital or nedical insurance (INSR) -- Yes = 1, otherwi se = 0.
This variable, as transformed, is binary.
Fam |y incone in dollars not due to current work effort (ICTR) -- this

variabl e includes assorted wel fare paynents, pensions, and
annuities, as well as earnings from assets.

Fam |y net real income in dollars (RINC) -- this variable is the sum of
money income plus value of goods and services received at |ess
than market prices |ess the cost of earning incone.

Savings in dollars equal or greater than two nonth's incone (SVGS) --
Yes = 1; otherwise = 0.

Head's marginal hourly earnings rate in cents (WAGE) -- in circunmstances
where the head neither has a second job nor commands overtime pay,
this variable is sinply total annual earnings from|abor divided
by annual hours worked for noney. \Were he has two or nore jobs
it is his hourly earnings in the last job he nanes. If he has
only one job, can and does work overtine if he wishes, and
receives overtinme pay, the variable is his average overtine
hourly earnings.

Envi ronnent al Vari abl es

Wrks in chenmicals or metals manufacturing industries (CHEM -- Yes =
1; otherwise = 0. The chemicals industry includes chenicals
and allied products, petroleum and coal products, and rubber and
m scel | aneous plastic products. The netals industry includes
steel, aluminum foundaries, etc.

Nurmber of days in 1972 when tenperatures were bel ow freezing at sone
time during the day (COLD). This data was obtained from USNOAA,
Cimtological Data, National Sunmary 1972.

Nurmber of persons per roomin famly dwelling (DENS).

Di stance from nearest city of 50,000 or nore people (MLE) -- < 5 niles
or outside continental United States = 1; 5 - 15 mles = 2;

15 - 30 nmiles =3; 30 - 50 mles =4; > 50 nmles = 5.

Nitrogen dioxide: annual 24-hour geonetric mean (M, ninetieth
percentile (N), and 30th percentile (T) in mcrogranms per
cubic meter as neasured by the Gas Bubbler TGS Method-Frit
before 1974 and the Saltzman nethod for 1974 and after (NOX).
This data was obtained fromthe annual USEPA publication,

Air Quality Data -- Annual Statistics.

Sul fur dioxide: annual 24-hour geometric mean (M, 90th percentile
. and 30th percentile (T) in mcrograns per cubic neter as

measured by the Gas Bubbl er Pararosaniline-Sulfanic Acid Method
(SU). This data was obtained fromthe annual USEPA publicati on,
Air Quality Data - Annual Statistics.

Total suspended particulates: annual 24-hour geonetric nean (M,
90th percentile (N), and 30th. percentile (T), in mcrograns per
cubic meter as neasured by the H-Vol Gavinmetric nmethod (TSP)
This data was obtained fromthe annual USEPA publication,
Air Quality Data -- Annual Statistics.
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Table 5.1
(conti nued)

Utraviolet radiation in mcrowatts per square centineter (ULTV).
This data was taken from Pazand, R, Environnental Carcinogenesis
- An Economi c Analysis of R sk, unpublished Ph.D. dissertation.
University of New Mexico (June 1976).

Expl anati on of Table

Unl ess otherwi se stated, all data is taken fromtapes described in
Survey Research Center, A Panel Study of Income Dynam cs, Ann Arbor:
Institute for Social Research, University of Mchigan (1972, 1973, 1974

1975, 1976).

Al'l variables referring to an individual person refer only to the
fam |y head.

On occasion, definitions for the same phenonenon will differ from

year to year. If this occurs, a single integer indicating the year to
which reference is nade is attached to the end of the variable acronym
Thus 1967 = 7; 1968 = 8; . . .; 1976 = 6.
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Table 5.2a

Representative Means and Standard Deviations of Health and Air Pollution
Variables for Samples Involving Famly Heads Currently Enployed or
Actively Looking for Work*

Year
Vari abl e

Acronym 1967 1968 1969 1970 1971 1972 1973 1974°

Heal th States

ACUT 100.414  120.486  133.657 113.750 113.323  149.845  112.530
(183.594) (214.759) (332.171) (277.022) (266.274) (427.983) (259.120)

LDSAa 0. 953 0. 645 0. 337 0.363 0. 268 0.290 0. 260 0. 348
(1.720) (1.326) (0.979) (0.971) (0.888) (0.921) (0.874)  (0.952)
Envi r onnent al
NOXM 157. 043 118. 045
(51.070) (72.230)
SULM 24. 475 25.113 27.220 16. 286 17. 657 2.051 7.435
(19.098) (18.714) (25.013) (12.150) ( 9.449) (4.188) (11.728)
TSPM 100. 403 99. 917 98. 713 95.534 87. 213 99. 157 35. 310 71.1.08

(35.469) (30.628) (29.609) (18.943) (27.920) (30.941) (42.183) (36.085)

& Except for 1970, all sanples refer to famly heads who have never lived in nore than
than one state. In 1971, the reference is to famly heads who currently live within
wal ki ng distance of relatives.

b [ ncl udes housewi ves, retirees, and students.

*Standard deviations are enclosed in parentheses.
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Table 5.2b
Representative Means and Standard Deviations of Al

Cther Vari abl es®

Vari abl e
Acronym 1967 1968 1969 1970 1971 1972 1973 1974 1975
Health State
DSAB 0. 493 0.111 0.426 0. 488 0. 470 0. 304 0. 800 0.624
(1.291) (0.315) (1.634) (1.011) (0.949) (0.754) (2.159) (1.854)
Bi ol ogi cal and Social Endownrent
AGEH 43. 558 40. 323 43. 745 44,218 44, 305 45, 155 37.322 37.925
(12.337) (11.841)  (13.451) (13.649) (15.276) (16.158)  (15.421) 14.749
aTy 0. 646 0.451 0.678 0.678 0.632 0. 655 -
(0.481) (0.498) (0. 468) (0. 468) (0.459) (0.476) -
EDUC 3.680 3.683 3.878 3.923 7.705 3.720 3.912 3.659
(1.696) (1.747) (1.862) (1.866) (1.851) (1.844) (1.672) (1.685)
FEDU 2.391 2.300 2.313 2. 360 2.458 2.395 - -
(2.254) (2.036) (1.442) (1.473) (1.609) (1.451) - -
FMBZ 3.812 4. 586 3.993 3.930 3.508 3.233 - -
(2.401) (2.542) (2.376) (2.412) (2.202) (2.126) - -
LOCC 2. 257 3.271 - - 2.283 2.168 - -
(2.234) (1.869) - - (2.168) (2.188) - -
MARR 0.617 0.617 - - 0.525 0. 468 0. 540
(0.489) (0.487) - - (0.500) (0.500) (0.500)
POCR 0.578 0.543 - 0.520 0.490 0.520 0.551 0.615
(0.496) (0.499) - 0.500 (0.501) (0.500) (0.499) (0.488)

(cont 1 nued)
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Table 5.2b
(conti nued)

Vari abl e
Acronym 1967 1968 1969 1970 1971 1972 1973 1974 1975
RACE 0. 469 0.917 0. 410 0.500 0. 443 0. 475 - 0. 346
(0.501). (0.276) (0.099) (.0.501) (0.497) (0.500) - (0.477)
SEXH 0.629 0.677 0.635 0.635 0.573 0.603 0. 640 0.631
(0.468) (0. 496) (0.482) (0.482) (0.495) (0.490) (0.382) (0.417)
U ON - 0.354 0.233 0.198 - 0.198 -
- (0.479) (0.423) (0.399) - (0.399) -
Lifestyle
ABSN -~ - 0.108 - - - -
- - (0.310) - - - -
CHCH - 0. 440 - - - - - -
- (0.448) - - - - - -
Cl GE - 03. 146 - - - - -
(124.022) - - - - -
EXER 0. 144 0.189 0.225 0.198 - - - -
(0.352) (0.392) (0.418) (0.399) - - - -
FOCD 505. 830 757.669  822.500 840. 990 1030. 976 1145. 150
(380.977) (372.594) (716.450) (716.100) (574.163)  (707.099)
LTWK - - 0.070 0. 209 -

- (0.255) (0. 407)




Table 5.2b
(conti nued)

Vari abl e
Acronym 1967 1968 1969 1970 1971 1972 1973 1974 1975
NCl G 1. 851 - - - - - - -
(1.912) - - - - - - -
RELG 0.018 - - - - 0. 054 0. 062
(0.136) - - - - - 0.226) (0.242)
RI SK 4. 489 4.503 4. 658 4.673 - -
(1.605) (1.452) (1.545) (1.540) -
WORK 1245. 875 1989. 649 1560. 895 1527.732 1333. 540 1354. 137 - -
o (1059. 780) (674.723)  (1001. 253) (982.381) (1030.346) (1056.153) ~ -
fosd
Pecuni ary
BDALO 99. 638 99. 220 100. 413 100. 266 100. 618 100. 736 - -
(4.720) (4.297) (4,625) (4.788) (4.925) (4.819) - -
| NSR 0. 889 0.794 0.708 0.695 - -
(0.316) (0.404) (0.455) (0. 461) - -
| CTR 1096. 22 508. 249 1238. 392 1013. 846 1342. 585 1366. 702
(1314. 401) (1124. 259) (1198.698) (1721.377) (1874.235) (1993.720) - -
RI NC 9148. 605 8902. 377 10852. 230 10875. 650 9556. 803 11077. 950 - -
6511. 900 (6100. 167) (7833.473) (7439.632) (7274.871) (8337.711) - -

(conti nued)



Table 5.2b

(conti nued)

Variabl e
Acronym 1967 1968 1969 1970 1971 1972 1973 1974 1975
SVGS 0. 342 0.289 0. 333 0.371 - - - -
(0.475) (0.454) (0.472) (0.484) - - - -
WAGE 292. 119 314. 440 322.500 358. 258 298. 230 336.525 -
(405. 985) (221. 346) (316. 450) (331.738) (319. 890) (337.425) -
Envi r onnent al
CHEM 0.022 0. 008 - - 0.003 0. 049 0. 045
(0.147) (0.086) - - (0. 050) (0. 216) (0.206)
o CAaLD 81.502 - - - - - - -
] (52.684) - - - - - - -
DENS - 3.420 - - 0.870 0.725 - -
- (1.797) - - (1.198) (0.414) - -
NOXN - - 246. 573 104. 860 97. 429 90. 717
- 79. 826 (75.994) (44.564) (22.716)
NOXT - - 132. 045 31.536 32.931 48. 597
- (37.087) (23.964) (31.761) (13.911)
SULN 107. 687 - 74.663 61. 768 42.625 34.566 25. 650
(134.484) - 66. 016 (38.495) (31.115) (42.841) (41.603)

(conti nued)



Table 5.2b
(conti nued)

£8

Variabl e
Acronym 1967 1968 1969 1970 1971 1972 1973 1974 1975
SULT 26. 041 10. 798 11.190 - 9.551 5.006 7.836
(37.369) (10. 663) (5.875) - (9. 305) (9. 955) 8.233
TSPN 176. 986 248. 965 156. 185 170.768  147.960 126. 702 120. 580
(78.097) (339. 668) (63.787) (58.121) (39.684) (43.086) (56.438)
TSPT 77. 605 74,837 74.088 82. 995 56. 232 67.122 62. 779
(23.661) (43.932) (20.772) (26.627) (9.650) (22.200) (27.046)
ULTV 1494.75 - - -
(634.638) - -
® NI sanples include housew ves, retirees, and students

*Standard deviations are in parentheses.



If one has detailed and real-tine information on changes in health
states, ideally one would like to have real-tine records of all air
pol lution exposures. The coarse yearly indicators of acute and chronic
il1lness in the Survey Research Center (SRC henceforth) data coul d not

support such detail. W therefore chose to collect outdoor air pollution
data averaged over a time period corresponding to the time interva
enployed in the SRC data. In addition, we wi shed to ascertain whether

representations of nonents of the outdoor air pollution frequency
distribution other than measures of central tendency mght contribute to
ill-health. The result of these deliberations was a decision to acquire
data on the geonetric nean (because outdoor air pollution tends to be

| og-normal Iy distributed over time), 30th percentile, and 90th percentile
of the annual concentrations of five pollutants: nitrogen dioxide;, ozone
total oxidants; total suspended particul ates; and sul fur dioxide.

Al though the ozone and total oxidant data has been conbined with the SRC
data, the nunber of nonitoring |locations and the nonitoring time intervals
were inadequate to allow other than mnor variations in the exposures of
the sanple individuals. Thus the enpirical results to be reported

negl ect these two possibly inportant pollutants.

Mat ching the thousands of outdoor air pollution monitoring stations
inthe United States to the hundreds of counties where the SRC sanple
fam | ies resided could be a conplex conbinatorial problem The matching
was achieved for each of the nine years at the cost of not having outdoor
air pollution information for some SRC sanple famlies during sone years
and of assigning sonewhat inappropriate air pollution exposures to sone
sanple individuals. The full extent of this information loss is presently
unknown.

The matching process started by listing all the counties in the
United States where one or nore SRC sanple famlies had resided during the
nine year interval. Separately for each of the five previously mentioned
air pollutants, a yearly listing of the counties having outdoor air
pol lution data for one or nore of the three frequency distribution
measures being considered was constructed. O the 301 counties in 50
states where sanple famlies resided during the nine year interval
outdoor air pollution monitoring data for one or nore of the neasures of
one or nore of the five air pollutants existed at |east for one year in

118 of the counties in 50 states. No attenpts were made to extrapolate air
pol lution data from one county to another, nor were any switches between
nmonitoring stations in a single county ever made. |n counties where

mul tipl e outdoor nmonitoring stations were present, the data fromthe single
station that had operated for the greatest portion of the nine years was
used. If two or nore stations in a county had operated for equa

portions of the nine years, the station having the most conplete (in

terms of nunbers of pollutants and pollutant neasures) was enpl oyed.

Wien air pollution data were available in a famly's residence county for

a particular year, these criteria served to assign outdoor air pollution
exposures to all sanple famlies. For nost years, somewhat nore than

3,000 famlies had some sort of outdoor air pollution data assigned them
Because of our reluctance to adopt a new nonitoring station location in a

county whenever the activities of a station we had previously used were
term nated, we undoubtedly mssed a few opportunities to assign air
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Bol!ution data to a few sanple famlies. This issue pales, however
eside the issue of the extent to which the assigned data represent
actual outdoor air pollution exposures.

The SRC fam |y data sanple provides only the famly's county and
state of residence: it does not give the hone town or city. Thus, for
| arge urban counties such as Cook County, Illinois, or Los Angeles County,
California, or occasional rural counties such as San Bernardino County,
California, where there exist major locational differences in potentia
air pollution exposures within the county, substantial error could exist
in the air pollution assignations. This inportant source of measurenent
error coul d perhaps be substantially reduced if all counties having this
property were identified and if all famlies residing in the identified
counties were f7cised fromthe sanple. W have made no attenpt to perform
this excision.=

This criteria enployed to select pollution nmonitoring stations probably
result in the assignment of downtown urban |ocations, where pollution
concentrations have historically tended to be greatest and where the nost
extensive monitoring has been done. Since relatively few of the SRC
sanple famlies actually live in downtown areas, the constructed data
set generally exaggerates fam |y outdoor air pollution exposures, inplying
that the health effects, if any, of air pollution will tend to be under-
esti mated. 2/

Qut door air pollution at the place of residence is not the only
pl ausi bl e environnental source of deleterious health effects. Indoor
air pollution at home and in the work place, outdoor air pollution at
other locations, contamnants in diet, and water pollution are additiona
wi dely acknow edged possible sources. W introduce neasures (albeit
inperfect) of some of these plausible alternative sources in our enpirica
efforts and fail to give any attention to others such as water pollution.
| f these excluded types of pollution have health effects of their own, and
If their extent tends to be positively correlated with the extent of
outdoor air pollution, then the included air pollution variables wll
capture some of their contributions to ill-health, causing the measured
contribution of the outdoor air pollution variables to be exaggerated.
The extent of this upward bias will vary directly with the degree of
correlation between the included and the excluded variables and the extent
to which the excluded variable actually contributes to the effect of
interest. For this study, of the previously nentioned alternative
environmental pollution sources of health effects, the utter exclusion of
any measures of water pollution is perhaps the nost serious, At various
points in the enpirical effort, rather crude measures of indoor hone air
pol lution (famly smoking habits), diet (a dietary adequacy index?, and
Indoor air pollution at the work place (engloynent in the chemcals or
metal s manufacturing sector) are i ncl uded. 2/

The issue of excluding possibly relevant variables fromthe analysis
included outdoor air pollution as well. xidants and ozone, Because of
insufficient variation in apparent exposures among sanple famlies, have
been disregarded, even though exposure values are present in the
constructed data set. Qher inportant air pollutants, for which data were
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avai |l abl e such as carbon nonoxi de, were not even considered because of the
|arge variations in their instantaneous concentrations within a few
hundreds of feet. Some pollutants that have attracted recent regul atory
and public concern, such as acid sulfates, had no data readily available
Finally, of the pollutants that were included in the constructed data

set and exploited in the enpirical effort, the tinme series for all except
total suspended particulates were inconplete. Thus, for exanple, no
information was available on sul fur dioxide concentrations in 1972

Measurement error is not only an issue in the outdoor air pollution
variables. \Wat sonme might choose to interpret as measurement error is a
prinme feature of the two dependent variables, nunber of days annually
ill and length of time disabled. 4 Al'though we have no basis other than
seemngly sensible intuitive interpretations of the formof the questions
asked the respondents (see the explanations for ACUT and LDSA in Table 5.1),
we choose to interpret the former as acute illness and the latter as
chronic illness. Definitional problens of the distinction between acute
and chronic illness aside, it must be renenbered that what is an illness

to one individual is not an illness to another individual. Even the sane
individual may differ over time in what he considers to be a state of
illness. Illness is, in part, an idiosyncratic and subjective phenomenon

only partly susceptible to consensus standards of definition. Therefore, if
one prefers a reductionist perspective and w shes to have all phenonena

col lapse to, say, a chemical neasurenent, then the values of the variables
we ate trving to explain in this study indeed |eave a great deal to be
desired-éj Economi ¢ anal ysis, however, presumes that illness and its

costs lie in the eye of the beholder. No |aws whatsoever governing choices
are innate in the material objects of ordinary cognition. As has been
enphasi zed in the introduction to this section of the report, the degree

of illness that afflicts an individual is, in part, often a matter of

pur posive choice. Economic principles relate to the subjective desires
motivating individuals to becone aware of and perhaps to alter their
environnents.  Thus no object or status becones relevant in economc
analysis until humans perceive it can be used for or defeats sone

subj ective purpose. Illness that is defined in clinical terms but which is
never subjectively realized by the individual who is said to be clinically
il is of little interest except to clinicians. It is certainly arguable

whet her their standards of what constitutes illness should prevail over those
of the individual who professes illness. For this study, we are forced by
circunstances to adopt the latter's perspective. Fortunately, it fits
readily into economc analysis.

In spite of the preceding argument a type of measurement error does
persist in the two dependent health variables. This type of error is
I nherent in the use of any fairly enconpassing neasure of health status.
Kinds of debilitating acute illness for an individual may range, for exanple,
from headaches to heel blisters. Chronic illnesses may show simlar
variations over body sites and inplied debilitating effects for the sane
individuals. In effect, therefore, an individual's response to a question
about the nunber of days he has been ill or the length of tine he has been
di sabl ed involves an aggregation of several attributes perhaps sanpled from
some |arger population of attributes. The weights the respondent enploys
to conbine these attributes to obtain the enconpassing heal th neasures
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may differ anong individuals. Furthernore, they may not be those weights
that correspond to the contribution of the attribute to sone other
paraneter of interest, such as hours of work or noney wages. Recognition
of the possibility that individuals may enploy different weights to
aggregate to the enconpassing health nmeasure serves perhaps to deepen

the reader's perception of the subjectivity of our neasures of ill-health,
It says only that there nmay be as many uni que measures of ill-health

enpl oyed as there are respondents in the sanple. The inport for our
enpirical efforts of discrepancies between the contributions of attributes
toill-health and to other parameters of interest is greater, since we
shall try to ascertain the inpact of air pollution-induced ill-health upon
| abor supply and productivity. In particular, the use of the enconpassing
measures of ill-health rather than the specific attributes nmay attenuate
cur estimate of the effect of air pollution-induced health effects upon

| abor supply and productivity.

As Table 5.1 indicates, all SRC sanple individuals not currently
enpl oyed or seriously |ooking for current enployment had no infornation
recorded about the number of days they professed to be acutely ill.
Furthernore, those individuals for whominformation on ACUT was recorded
were never sick on weekends: their accute illneses occurred, according to
the data, only on workdays. The ACUT variable may thus be confounded by the
wi sh of some respondents to legitimtize for the sake of social appearance

or internal self-respect their failure to go to work. In the enpirica
efforts regarding ACUT therefore, an actual choice of |eisure over |abor
could thus be falsely attributed to ill health. Marquis (1978), however

has been unable to discover any basis for this source of bias.

The rather long list of other variables considered can be divided,
sonmewhat inperfectly, into health state, biological and social endownent
lifestyle, pecuniary, and environmental variables. For the nonent, we wll
limt our discussion of the variables not already discussed to the parts
they are expected to play in dose-response functions, reserving the
di scussion of |abor supply and productivity inpacts to a |ater section.
Only those variables actually used in the estimated dose-response functions
are therefore discussed in this section. A summary table of expected
signs is presented in Table 5.3

DSAB, the degree of disability is the only included health state
variable not enployed as a dependent variable. Since it is ordinally
scaled, its neaning when used as a dependent variable is arbitary. Any
four or five monotonically increasing nunbers woul d have no nore and no
| ess meaning. Wien entered as an explanatory variable in the chronic
illness production function, its expected sign is unclear. [|f the individual
continues to live in spite of having a chronic disability, one woul d expect
the period of recovery, if any, to be lengthier the nore severe the
disability. However, in the general population, severe disabilities
perhaps are nore likely to lead to earlier death. Thus, those sanple
i ndi vidual s who are severely disabled mght be expected to have been
disabled only for a relatively short time span. This would |ead one to
expect a negative association between DSAB and LDSA. Wich effect woul d
domi nate in any particular sanple nust be conjectural. In contrast, since
disabilities, both in terms of Iength and severity, probably cause the
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Table 5.3

Expected Signs for Explanatory Variables
in Estimated Dose-Response Functions

Acute |11l ness Chronic Il1lness
Heal th States
DSAB + ?
LDSA + X
Bi ol ogi cal and Soci al Endownents
AGEH + +
CITY ? ?
EDUC ? ?
FEDU - -
FMSZ - ?
MARR - ?
POOR + +
RACE - -
SEXH ? ?
Li festyles
CHCH - -
EXER - X
FOOD - -
NCl G + +
RELG - -
RI SK - -
Precuni ary
| NSR - -
Envi ronment al
CHEM + +
COLD ? ?
DENS + +
Al NOX + +
Al SUL + +
Al TSP + +
ULTV ? ?
? = unknown
X =irrel evant
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i ndividual to be nore susceptible to conmon tenporary illness, we expect
LDSA and DSAB to contribute positively to ACUT. However, because the
val ues for DSAB are not nonotonically ordered, the magnitudes of the
coefficients for DSAB in both the LDSA or the ACUT expressions shoul d be
di sregar ded.

No one holds that health states inprove with adult age. The adult
human organism suffers natural decay, making the investnment necessary to
maintain a given health state progressively nore costly. The inclusion of
two additional irrevocable biological attributes, race and sex, can be
justified on at least two grounds. First, susceptibilities to some
diseases differ by race or sex. Men, for exanple, don't have breast
surgery and whites don't contact sickle cell anemia. The inplications of
this for the signs of RACE and SEXH are unclear, however. Second, and
probably nost inportant with respect to race, mnorities have frequently
had | ess preventive and ameliorative medical care available to them and have
per haps had | ess opportunity to learn how to use what is available w sely.
The RACE variable mght therefore capture sone fair portion of past and
present differences in the availability of nedical services to individuals.
If this speculation is correct, RACE, which has a value of 1 if the individ-
ual is white and 0 otherw se, should have a negative sign attached for
both illness types.

CTY, FEDU, and POCR are intended to represent differences anong
individuals in their childhood environments. If one grew up in a city,
he probably had better access to nedical care. On the other hand, he was
probably exposed to nore toxics in his everyday environnent. The sign to
be expected for CITY is therefore ambiguous. In contrast, the proper
signs to expect for FEDU and POOR are relatively unanbi guous. Educat ed
parents, in addition to their other know edge about worldly affairs, wll
perhaps be nore sensitive to the inplications of childhood health

practices for future adult health status of the child. In addition, they
mght tend to be better at interpreting signals of health distress and
choosing the nedically nost effective course of action. If adult health

states are positively influenced by childhood health practices, then the
sign attached to the FEDU coefficients in either acute or chronic illness
dose-response functions should be negative. For simlar reasons, the
POOR coefficients are expected to have positive signs

Wth one anbi guous exception, EDUC, FM5Z, and MARR contribute to good
health. Many recent studies indicate that anong soci oeconom ¢ vari abl es
years of formal schooling conpleted is frequently the nost inportant
predi ctor of good health. Gossman (1975) has found enpirical evidence of
a causal relationship running from past schooling to current health. The
i ndi vidual who is married has his wife's tine available, as well as his own,
for the protection of his health. At least for acute illness, increasing
famly size also inplies that certain individuals within the famly can
specialize in the production and the protection of other famly menbers
health. This inplies that over sone interval there exist increasing returns
to health production specialization within the famly, a proposition that
accords neatly with casual observation but for which no strong enpirica
evi dence appears to exist.
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The expected sign for FMSZ in a chronic illness dose-response function
I s anbi guous because the number of children a famly has is, in part, an
i nvestment decision.® Qder children provide more opportunities for
fam |y nenbers to specialize in health production and protection; however,
if a state of chronic disability was suffered by the famly head before the
accumul ation of a large famly, it would seemthat the investment process
in children would be made nore costly. The latter statement inplies that
fewer children and chronic disability are positively associated, while the
former says that children, once they are able to assume some responsibilities
for famly production, contribute to good health. Put in terns of our
concerns in the introduction to this portion of the report, an observed
associ ation between an individual's state-of-health and his famly size
could reflect causality running both fromfamly size to health and from
health to famly size. This issue could, of course, be resolved by
buil ding an anal ytical structure in which famly size is made a decision
variable. To do so would take us beyond the inmediate scope of this
research effort. W have therefore enployed famly size as an explanatory
variable in our estimated chronic illness dose-response functions w thout
I nposi ng any sign expectations upon it and recognizing that its presence
could bias the air pollution coefficients

Al of the lifestyle explanatory variables are standard entries in
epi dem ol ogi cal studies of air pollution. There are, however sone specia
features worthy of note for each variable. NCIG for exanple, is not the
number of cigarettes smoked by the individuals but rather the nunber
snoked per adult famly menber. It is assuned this serves as a reasonable
proxy for the snoking habits of the individual head. For the cigarette
variable therefore, its estimated coefficient is best considered as an
indicator of the health effects of smoking or not snoking. Little, if any,
credence shoul d be assigned these coefficients as indicators, in the
nei ghbor hood of the average snoking habits of the respondent sanple, of
the increnental health effects of smoking an additional cigarette; that is,
the sign of the coefficient rather than its magnitude is the result to
I nspect.

Bi onedi cal wi sdom says that continuing participation in energetic
activities and an adequate diet contribute to good health. Since the SRC
data set contained no information on the respondent's exercise habits
before he becane disabled, we have not included EXER in the chronic
il ness dose-response function. O herw se one nust face the two-way
causality problem w th inadequate data resources to handle it. In
negl ecting this variable, however, which proves to be consistently
statistically significant in the acute illness dose-response function
we raise the spectre of biasing the air pollution coefficients in the
estimated chronic illness dose-response functions. Since, a priori
energetic activities are expected to reduce the incidence of chronic
i lIness, the absol ute magnitudes of the air pollution coefficients wll
be biased downward, causing the effect of air pollution on chronic illness
to be underestimated. However, for those years in which EXER is available
in the SRC data set, the absolute value of the sinple correlation between
it and the air pollution variables is generally less than (0.15. The bias
its exclusion introduces is probably therefore mnor unless it intrinsically
has a very strong influence on the nagni tude of the chronic illness
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vari abl e.

So as to enhance the creditability of the dietary habits variable, FOOD
we quote from Survey Research Center (1972a, p.75):

"Since expenditure on food is a relatively easy to measure proxy
for adequate nutrition and is one of the study's nore inportant
variables, nuch care has been taken to inprove the technique of asking
t hese questions; several refinenents, but no added objectives, have
resulted in a few changes to these questions over the five waves of
the survey."

Accepting the assertion that the anount of food expenditures was one of
the nmost carefully treated questions in the entire SRC survey effort, the
i ssue remains as to whether these expenditures, even when stated relative
to food "needs,” are capable of providing useful information on the etiol ogy
of illness. Certainly they can provide no information on dietary contribu-
tions to particular diseases unless expenditures on particular food groups
are known. But then we are dealing in any case only with generalized
measures of self-reported health status. As for the use of expenditures on
food rather than actual food consunption, one's conprehension of this
neasure is aided if it is viewed as a proxy for a stock variable relating
to the history of the individual's investnents in diet. Real capital in
the hospital industry is not measured in terns of gadgets and buil di ngs but
rather as the discounted value of the accumul ated investments. Simlarly,
di etary adequacy may be measured as the discounted value of the individual's
accumul ated expenditures on food. FOOD, which is sinmply current expenditures
on food relative to a "needs" standard, will generally tend to be positively
related to this discounted value

The intent of including the CHCH RISK and RELG variables is to capture
acqui red behavioral traits consistent with an out-of-the-ordinary
aversion to heal th-endangering activities. W hope at |east some of those
forms of healt h-enhancing everyday behavi or not otherw se available in the
data set collapse into these variables. Anong these forns would be
regulatory getting six to eight hours sleep, a tightly-knit and enotionally
supportive famly life, a healthy mx of foods consunmed, and the nany ot her
lifestyle factors to which assorted medical commentators variously
attribute the production and protection of good health.

INSR, a dummy variable referring to whether or not the individual is
covered by nedical insurance, should be correlated with the individual's
consunption of nedical care. The variable should be negatively rel ated
to the price of medical care that the individual faces and therefore
positively related to the quality of medical care he has consumed. If
nmedi cal care inproves health or maintains good health, then the nedica
i nsurance variabl e should have a negative coefficient in both the acute
and the chronic illness dose-response functions. Qur use of this variable
in a dose-response function might be criticized on grounds that it is
serving as a proxy for the quantity of medical care consumed, where this
quantity and the proxy are the consequence of current period decisions. W
admt the possible validity of this view but neverthel ess chose to retain
INSR as our only available proxy likely to be strongly associated with the
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individual's adult history of medical service consunption. In short, we
assune that the benefits to estimation fromincluding a plausibly

rel evant variable (a history of the individual's adult consunption of

medi cal services) outweigh the |osses to estimation incurred by enploying
a current period decision variable as an explanatory variable in a single
equation structure.

Among the environnental variables, all the air pollution variables, as
wel | as DENS and CHEM are expected to have positive signs for both acute
and chronic illnesses. People who live in crowded conditions are in
closer contact with other individuals, nmaking personal sanitation nore
difficult, and increasing the probabilities of contracting whatever
communi cabl e illnesses plague others. The contacts of workers in the
chem cal s and netal s manufacturing sectors are not so much with carriers
of conmmunicable illnesses, but rather with exposures to toxic substances
in the work place. These exposures are thought to exceed those of the
rest of the popul ation.

H ppocrates, 460-337 B.C. (1939) and the witers of a large literature
descending fromthose ancient times have asserted a sort of climtic
deternminismwith respect to health.Z e briefly acknow edge this
literature by considering two clinmatic variables, COLD, to represent the
extent of freezing weather, and ULTV, to indicate the amount of sunshine
Al'though the literature in this area says that climate has an influence on
health, any advice it gives as to whether these climatic paraneters are
harnful or beneficial is unsettled. W therefore prefer not to make
assertions about the signs to be expected for the coefficients of these
vari abl es.

A great nmany nore variables for each of our variable classes is
avail able on the SRC survey tapes. In addition, since the county of
residence is known for each individual respondent for each year of the
survey, additional environmental and general area information could be
conbined with the SRC tapes. Many nore variables could be constructed from
the basic SRC information. W did initially consider sone other
definitions and versions of the variables in Table 5.3, but this |ist
shoul d provide a reaonabl e description of the data we had avail abl e.

Bef ore proceeding to the presentation and di scussion of the dose-
response functions, there are several salient characteristics of the
constructed data set that do not necessarily have clear inplications for
the results but which neverthel ess provide formand a setting for them
Tables 5.2 and 5.4 are thus worthy of sone attention. The reader is
rem nded, however, that these tables are inconmplete: they are only
representative of the sanples used to estimte the dose-response functions.

Note that three of the characteristics of Table 5.4 are consistent with
a high proportion of the individuals in the sanple having lived for |ong
periods in one locale. People who live within walking distance of
relatives, have always lived in one state, and have never noved to take
a job el sewhere have likely had a long history of exposures to the outside
air pollution of one nunicipality. In short, the SRC data allow one to
conpensate sonewhat for the lack of a long data series on the pollution
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Table 5.4

Proportions of Entire Survey Research Center Sanple Processing
a Particular Characteristic During 1971

Characteristic Per cent
Asset income < $500 81.1
Children < 25 years in famly unit 51.3
Has relatives living within walking distance 42.6
Enpl oyed head 72.7
Unenpl oyed head 2.2
Retired head 16.6
Housewi f e head 6.7
Student head 1.6
Working wfe 33.3
Di sabl ed person in famly other than head 3.8
Nei ghbor hood of detached single-famly hones or |esser density 65. 9
Rents dwelling unit 37.8
Always lived in one state (1970 data)* 40. 4
Never noved froma comunity for a job change (1970 data)* 57.9
Di sabl ed head 21.8

*These proportions are not indicated in the code book describing the
1971 data. It is highly unlikely that they differ significantly fromthe
1971 proportion.
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exposures of sanple individuals. |f one is willing to assune that
relative pollution concentrations anmong | ocations have been reasonably
constant over time, then he can at |east |oosely grasp the effects of
cunul ative exposures on differences in health states. These cumul ative
exposures mght not be terribly relevant with respect to acute illness,
but they can be highly inmportant with respect to chronic illness,
Therefore in all our enpirical efforts dealing with chronic illness, we
deal only with sanple individuals who have always lived in one state or
who have never moved for a job change. Even though this partitioning by
no neans guarantees that we fully capture the cunulative air pollution
exposures of the sanple individuals, we believe that it does so to a
substantially greater degree than do nost air pollution epiden ol ogy data
sets

The proportion of sanple individuals who profess disabilities
consi stently approxi mates one out of every five. COver the nine year
interval of the data set, it ranges froma low 18.2 percent in 1974 to a
high of 23.6 percent in 1969. |In fact, only for the 1974 and 1975 entire
SRC popul ation sanpl es was the proportion disabled bel ow 20 percent (in
1975, the proportion was 18.4 percent). These |lower proportions for 1974
and 1975 are probably due to the rather drastic drop in the nean age of
the sanpl e popul ation occurring between 1973 and 1974, which is reflected
in the mean values for the AGEH variable in Table 5.2. The drop causes
the proportion of the SRC sanple that reports being disabled to better
approxi mate the proportion disabled in simlar area probability sanples
of the U S. civilian non-institutionalized population. These other
sanpl es generally tend to have ten to fifteen percent of their individuals
suffering from self-reported disabilities.

A glance at Table 5.2 shows that the nunber of individuals enployed in
the chem cals and netal s manufacturing sector is usually too snall, given
sanpl e sizes of about 400, to estimate reliably the extent to which the
exposures associated with this enployment generate illness. As earlier
noted, the 1973 SRC data include information on three-digit occupationa
codes by three-digit industry for the sanple individuals. |f, after
having careful |y perused the data to ascertain exactly which occupations in
whi ch industries involve substantial exposures to toxics, the entire SRC
popul ation sanple were to be used to estinmate an acute or chronic illness
dose-response function, one mght have sufficient degrees of freedom
available to obtain reliable coefficients for these manufacturing sectors.
At best, one or two of the sanples we enploy here have enough sanple
i ndi vidual s enployed in these sectors to be slightly suggestive about an
associ ation between exposures in themand acute or chronic illnesses.

Finally, when evaluating the enpirical results reported in this study,
one must face the question of the accuracy of respondent recall. Since
there exists no data base referring to contenporaneously observed sanple
i ndi vidual behavior and status, one's judgnents about accuracy nust
necessarily be nore-or-less personal and introspective. The follow ng pair
of facts can aid in the formation of this judgnent. First, all respondent
interviews were conducted within 12 nmonths of the year for which respondent
behavior and status was to be reported. Thus the longest interval that
coul d pass between some respondent event and his reporting of that event
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was 23 months. In all years, however, the great bulk of the interview ng
was conpl eted by June of the year follow ng the year that was to be

reported. For these respondents, the greatest time lag that occurred
between an event and its reporting was 17 nonths. The snallest |ag that
could occur, since interviewing started in early March of the year follow ng
the year to be reported, was two nonths. ©

Perhaps nore relevant to the recall issue than the question of lags is
the incentive respondents had to make nental or witten note of their
behavi or and status to ensure accurate answers when the appointed tine for
their interviews arrived. Several points relevant to this incentive
Issue can be made. First, as reinterview ng "waves" (this is the SRC s
tern) passed, those original respondents who were hostile to the interview ng
process and purpose probably renoved thenselves fromthe sanple. W
specul ate that those who voluntarily stayed in the sanple possessed a
substantial incentive for accurate recall. This inplies that data from
| ater years is perhaps nore reliable than data fromearlier years. Second
those famlies that did remain in the sample becane nore famliar with
what woul d be asked themwi th each reinterview ng wave and woul d therefore
take more care to nmake mental or witten note of events so that they could
be accurately reported. This too inplies that data fromlater years
tends to be nmore reliable. Third, the respondents were paid a small sum
($5.00 - $7.00) for participating in the interview Finally, after
having conpleted an interview, the respondent was |eft a postcard that
he was asked to send to the SRCin early January of the follow ng year
This card inforned the SRC of the respondent's current address. Those who
did and did not return the cards were sent a rem nder and a postcard in
January, along with a summary expl anation of enpirical results fromthe
interviewing of the preceding year. Al who returned the postcards
whet her or not rem nded, were rewarded with an additional paynent of
$5.00 The SRC does not report the proportion of those who returned
postcards, but, given the reinterview rate one can reasonably conclude
that the return rate nust have been fairly high. W judge fromthis that
respondent interest in the survey nmust have been substantial, resulting
in an incentive to keep rather careful track of behavior and status.

Aside fromthe detail of its information, the SRC sanple and its
conbination with the air pollution data contain little that is remarkable
relative to other data sets that have been used in air pollution epidem ol ogy.
Judging fromthe general sociodenographic attributes depicted in Tables
5.2 and 5.4, the sanmple in spite of our disregard of the SRC sanple
wei ghts, appears to be close to a random sanple of the U S civilian
non-institutionalized population. The high proportion of non-whites
does, however, raise sone doubt about its exact representativeness.Y
The increasingly better control of sulfur dioxide emssions is clearly
registered in Table 5.2, although control of particulates and nitrogen
di oxi de appears not to have exhibited much inprovement over the nine-year
interval. Table 5.2, by its failure to show data for variables in some
years that appear in other years, exhibits both changes in the SRC
Interview formats as well as our deletion of variables in expressions
estimated for sone years when they were not statistically significant
in expressions estimated for sanmples drawn from other vyears.
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